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Session 32 Foreign Electromagnetics 
CURRENT ELECTROMAGh’ETIC  RESEARCH I N  DENlrWlK 
P.L. Chris t iansen 
Laboratory of Applied Mathematical Physics 
Technical University of Denmark 
Lyngby , Denmark 
Eight  research projects  have been selected to  g ive  an  impress ion  
of current  e lectromagnet ic  research in  Denmark. This  ac t iv i ty  
owes a grea t  dea l  to  the  Labora tory  of Electromagnetic Theory 
founded i n  1954 by Professor Lottrup Knudsen at  the Technical 
University of Denmark. Thus a majority of the following authors 
ou t s ide  th i s  p l ace  has  ea r l i e r  been a f f i l i a t ed  wi th  the  l abora to ry .  
Studies  in  hereditary  electromagnetism. P.W. Karlsson, 
Physics Laboratory 11, Technical University of Denmark, 
Lyngby , Denmark. 
The problem considered consists in establishing boundary condi- 
t i o n s  for t h e  f i e l d  v e c t o r s  as well  as conditions upon quant i t ies  
appearing in the consti tutive equations,  such that the electro- 
magnetic f i e l d  ( 1 )  is uniquely determined, and ( 2 )  has a f i n i t e  
ve loc i ty  of propagation. A theorem of t h i s  k i n d  was proved by 
Rubinowicz i n  1926 fo r  constant material parameters. A s  a gener- 
a l i z a t i o n ,  we have considered consti tutive equations involving 
heredi tary terms,  i .e . ,  in tegrals ,  with mater ia l -descr ibing ker-  
n e l s ,  of independent f ie ld  var iab les  over  the  pas t  a t  t he  pos i t i on  
in  quest ion,  or over the “pest” hypercone in four-dimensional 
space-time; the materials may be non-linear,  anisotropic,  inho- 
mogeneous and non-stationary.  For this case,  conditions implying 
(1 )  as wel l  as ( 2 )  have been found. 
Wave p ropaga t ion  in  s t r a t i f i ed ,  moving media. S. Berntsen 
and G. Johannsen, Electrical Department, Danish Engineering 
Academy, Aalborg , Denmark. 
In  recent  years  numerous authors have examined wave propagation 
i n  s t r a t i f i e d  media  of d i f f e ren t  s t ruc tu re .  Wong and Cheng ( 1 )  
t hus  ca l cu la t ed  the  sca t t e red  f i e lds  from a c i rcu lar  cy l inder  
coated with an inhomogeneous plasma by means of a s t r a t i f i c a t i o n  
technique using 4x4 t ransmission matr ices  in  order  to  avoid large 
numbers of  simultaneous  equations. Kong ( 2 )  t r e a t e d  E plane 
n- layer  s t ruc ture ,  in  which the  l aye r s  a re  in  r e l a t ive  mot ion ,  
i n  a similar manner. 
The present work i s  a genera l  inves t iga t ion  of  the  4x4 matrix 
method, which seems only appl icable  in  rectangular  and circular  
s t ruc tures .  If t h e  l a y e r s  are moving w i t h  d i f f e r e n t  v e l o c i t i e s  
no common r e s t  frame obviously exists, but a Lorentz-invariant 
formulation can easi ly  be obtained.  A su i tab le  choice  of i n e r t i a l  
f rame for  each  layer  tu rns  out  to  fac i l i t a te  the  computa t ion .  
’ The formalism w i l l  a l so  be  app l i ed  to  wave guides. 
1. W.C. Wong and D.K.  Cheng (1968 Proc. IEE 115, p. 1446). 
2. J . A .  Kong (1971 Can. J. Phys. 49, p. 2785). 
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Propagation i n  an evaporation  duct. H. Bach, Laboratory 
of Electromagnetic Theory, Technical University of Denmark, 
Lyngby , Denmark. 
The propagation i n  an atmospheric superrefractive layer above 
t h e  sea i s  invest igated.  Here an evaporation duct,  in which t h e  
re f rac t ive  index  first decreases with height and l a t e r  i nc reases  
again, i s  known t o  e x i s t .  A smooth p r o f i l e  is modelled by means 
of two parabolic segments and a semi- inf in i te  l ine  wi th  a slope 
corresponding to standard atmospheric conditions.  
The eigenvalues of the correspnding mathematical  problen! i s  
determined by numerical means, and curves for  a t tenuat ion fac-  
t o r s  and height-gain functions are computed. The r e s u l t s  show 
good agreement with results obtained by means of the phase in- 
t e g r a l  method. 
The technique has been used in connection with propagation in 
an  evaporation  duct  above a rough sea surface. It turns out 
t ha t  t he  a t t enua t ion  due t o  leakage and due t o  sca t t e r ing  lo s ses  
is of  the same order of magnitude in practical  cases.  
Future work on br inging the computer programs i n t o  a form which 
i s  su i tab le  for  radar  forecas t ing  i s  planned. 
A comparative study of diffract ion processes  in  geometr ical  
diffract ion  theory.  P.L. Christiansen,  Laboratory  of 
Applied Mathematical Physics, Technical University of 
Denmark, Lyngby , Denmark. 
The l i t e r a t u r e  shows an increasing number of time-harmonic solu- 
t i o n s  t o  s c a t t e r i n g  problems concerning halfplanes and wedges 
with various boundary conditions at  the bounding halfplanes. 
From t h e   f a r   f i e l d  expansion of t hese  so lu t ions  d i f f r ac t ion  
coeff ic ients  descr ibing the diffract ion process  a t  the edge of  
t h e  s c a t t e r e r  can be extracted and used in the geometrical dif- 
f rac t ion  theory .  
In the  present  work the  sca l a r  d i f f r ac t ion  p rocess  a t  a wedge 
with two d i f f e ren t  su r f ace  impedances is analysed. When t h e  
wedge reduces t o  a halfplane with the same surface impedance on 
both  s ides  the  descr ip t ion  of  the  d i f f rac t ion  process  can  be  
genera l ized  to  the  plasma case where two modes of propagation 
exis t  outs ide the halfplane.  The d i f f r ac t ion  coe f f i c i en t  t hen  
describes the process by which an incident ray produces a d i f -  
f rac ted  ray  of  the  same  mode as the incident  ray.  The d i f f r a c t i o n  
process by which the  mode is converted can also be handled by 
these considerat ions.  
The poss ib i l i t y  o f  a prediction of the (unknown) d i f f r a c t i o n  
coe f f i c i en t s  fo r  a wedge i n  a plasma i s  discussed. 
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hmer i cd  de te rmina t ion  of r ad ia t ion  pz t t e rns  fo r  w i re  
antennas  on  conducting  bodies. N.C .  Albertsen, J .E .  Hansen, 
and N.  E. Jensen , Laboratory of Electromagnetic Theory, 
Technical University of Denmark, Lyngby, Denmark. 
In  contract  with the European Space Research Organization, a 
theoretical  formulation has been developed for the determination 
of rad ia t ion  pa t te rns  of  th in  wire  an tennas  on conducting bodies. 
Using th i s  formula t ion  a computer program has been constructed 
with the purpose of  analysing the radiat ion from monopole antennas 
on a s m a l l  s c i e n t i f i c  s a t e l l i t e  body of cyl indrical  shape on which 
a number of s t ra ight ,  passive antennas m y  a l so  be attached. 
The method uses a combination of two in t eg ra l  equa t ions  fo r  t he  
unknown cu r ren t  d i s t r ibu t ions .  An in tegra l  equat ion  for  the  
e l e c t r i c   f i e l d  i s  appl ied  for  the  pass ive  and driven wire antennas. 
For t h e   s a t e l l i t e  body i t s e l f ,  a magnetic f i e l d  i n t e g r a l  i s  used. 
This  procedure exploi ts  the individual  propert ies  of  e lectr ic  and 
magnetic f i e ld  in t eg ra l  equa t ions .  The complete  electromegnetic 
problem i s  i n   t h i s  way formulated in terms of simultaneous integral 
equations which are solved numerically by t h e  method of moments. 
A number of t e s t  r u n s  f o r  monopoles on cylinders has been made. 
The resu l t s  agree  wel l  wi th  rad ia t ion  pa t te rns  obta ined  exper i -  
menta l ly  in  the  Anechoic Chamber a t  the Technical University.  
Theoret ical  invest igat ion of  a double grid reflector antenna 
system f o r  s a t e l l i t e  communication*. J. Jacobsen  and 
0.  S#nder, Tema Elektronisk Industr i  AIS, Aarhus , Dennark. 
A new type of  ref lector  antenna with polar izat ion cleaning pro- 
perties has been investigated.  This antenna i s  par t icu lar ly  in-  
tended for transmission of two signels with orthogonal polariza- 
t ions  wi th in  the  sme antenna  beam (dual  po lar iza t ion  mode t rans-  
mission). For t h i s  a p p l i c a t i o n  a high degree of polarization 
pu r i ty  i s  required.  
The double  gr id  ref lector  consis ts  of  two or thogonal  sets  of t h i n ,  
p a r a l l e l  m e t a l l i c  p l a t e s .  The edges of t h e  two se t s  o f  p l a t e s  l i e  
on two s l igh t ly  d isp laced  parabolo ida l  sur faces  wi th  para l le l  foca l  
axes. Each s&face i s  i l luminated by a feed horn located a t  t h e  
foca l  po in t  for  the  sur face  and l i n e a r l y  p o l a r i z e d  p a r a l l e l  t o  t h e  
p l a t e s .  Thus each  horn i s  focused with respect to the correspond- 
ing gr id  surface but defocused with respect to the other,  such 
t h a t   t h e  unwanted c ross -polar ized  f ie ld  does  not  rad ia te  in  the  
direct ion of  the  focal  axes  of t h e  system. 
The ana lys i s  was car r ied  out  by means of a modified version of the 
physical  opt ics  method. This  vers ion uses  the scat ter ing matr ix  
f o r  an i n f i n i t e  p l a n e  model of  the double  gr id  s t ructure .  
The polar izat ion cleaning effect  has  been computed. A reduction 
of the  c ross -polar ized  f ie ld  from -32 dB ( s o l i d  r e f l e c t o r )  t o  -53 
dB (doub le  g r id  r e f l ec to r )  below t h e  maximum of  the  pr inc ipa l  
f i e l d  was found. An experimental verification has been planned. 
* This work was sponsored by ESTECIContract No. 1702172AA. 
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Riometer  measurements i n  the  polar  region. P. Stauning, 
Ionosphere Laboratory, Danish Meteorological Institute, 
Lyngby , Denmark. 
Since the International Geophysical Year (1957/58) the  r iometer  
(Relative Ionospheric Opacity -meter) measurements of cosmic 
noise absorption have been a va luab le  too l  fo r  i nves t iga t ions  of 
geophysical disturbances causing absorption of W-radio waves i n  
the ionosphere.  
Presently the Ionlab riometer project comprises a set-up of 14 
riometers a t  various observatories in Greenland, a t  Faroe Islands 
and at  Spitsbergen. The riometer net i s  pr imar i ly  in tended  to  
provide data for  s tudies  of  the relat ions of  absorpt ion events  
i n  t h e  a u r o r a l  and po la r  r eg ions  to  the  ene rge t i c  pa r t i c l e  radi- 
a t i o n  produced during solar f lare events and during magneto- 
spheric substorms. The data a re  a l so  used  fo r  i nves t iga t ion  of  
problems r e l a t e d  t o  t h e  HF-radio communication i n  Greenland. 
In  the  t ime up t o  t h e  I n t e r n a t i o n a l  Year of Magnetospheric Studies 
(1975/76) t h e  number of Ionlab riometer observatories will be 
fur ther  increased to  enable  a detai led analysis  of  the temporal  
and  geographical  development of polar absorption events. When 
combined w i t h  s a t e l l i t e  p a r t i c l e  d a t a ,  such a riometer set-up may 
prove a unique tool  for  invest igat ions of the complicated struc- 
ture of the geomagnetic field extending from the polar cap into 
the  ou te r  magnetosphere and t a i l  regions. 
Radio  echo  sounding  of  polar  ice*. P. Gudmandsen, Laboratory 
of Electromagnetic Theory, Technical University of Denmark, 
Lyngby , Denmark. 
Radio echo sounding of t h e  i n l a n d  i c e  i n  Greenland i s  carr ied out .  
The program comprises development of suitable apparatus and meas- 
uring techniques as well  as surveying the inland ice .  
A t  present two pulse radars at  60 MHz and 300 MHz i n s t a l l e d  i n  a 
C-130 Hercu le s  a i r c ra f t  a r e  used  fo r  t he  sounding. The echo 
records are continuous fihs of  in t ens i ty  modulated oscilloscopes. 
For the  in t e rp re t a t ion  of the records s tudies  .are  made of  the re- 
f rac t ive  proper t ies  of  the  layered  medium of polar ice with densit3 
var ia t ions  and surface ondulations.  Also t h e  t o t a l  two-way absorp- 
t i o n  of the inland ice  has  been calculated based on a t h e o r e t i c a l  
model of  the temperature  prof i le  of  the ice .  
Extensive scat ter ing of  the radio waves occurs  in  some areas of 
Greenland f o r  unknown reasons and makes- t h e  sounding very d i f f i -  
c u l t .  Remarkable s t r a t i f i c a t i o n s  are observed on the  records  for 
the greater part  of Greenland. The origin of the layer echoes i s  
s t i l l  unknown but  play an important  role  in  glaciological  s tudies  
of the f low of  the- ice .  
The cur ren t  development 
t o  overcome propagation 
* The work i s  supported 
U.S. National Science 
concerns the introduction of new technique: 
problems i n  Greenland and Antarctica. 
by The Ministry for Greenland and the 
Foundation. 
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